Background: Cost-effectiveness studies explicitly reporting infusion times, drug-specific administration costs for infusions or real-payer intravenous drug cost are few in number. Yet, administration costs for infusions are needed in the health economic evaluations assessing intravenously-administered drugs.
Background
Finland has a decentralized and mostly taxation-funded public health care system (e.g. Teperi et al. 2009; OECD 2005; Häkkinen 2005; Hermanson et al. 1994) . The responsibility of health care organization resides with municipalities which are required by law to belong to consortiums (i.e. joint municipal boards) that organize specialized health care services for their residents. Consortiums govern health care districts (20 mainland main districts in total; Åland Islands excluded) that are funded by the municipalities that belong to the consortium. Essentially, the patients' home municipalities pay the intravenous (IV) drug administration and drug costs in this system. Because the health care districts are regarded as non-profit organizations and the invoicing of municipalities is based on cost prices ("absorption costing"), the price lists of health care district hospitals can be used to estimate the infusion costs for the Finnish public payer.
The publications explicitly reporting infusion times, drug-specific administration costs for infusions or realpayer IV drug cost are few in number. Yet, administration costs are needed in the health economic evaluations assessing intravenously-administered drugs. In this study the primary objective was to estimate the pooled and drug-and dose-stratified average as well as adjusted mean administration costs of biologic IV drugs that are given as infusions at Finnish hospitals to treat rheumatoid arthritis (RA) in adults. The obtained estimates are compared with the purchasing power adjusted costs used in published health economic assessments.
Methods
The biologic IV drugs included in the analysis were infliximab (IFX), rituximab (RTX), abatacept (ABA) and tocilizumab (TCZ). ABA (750 mg for patient weighting 60-100 kg) and TCZ (8 mg/kg) are indicated for RA, IFX is indicated for RA (3 mg/kg), Crohn's disease (5 mg/kg) and psoriasis (3-5 mg/kg), and RTX is indicated for RA (500-1000 mg), chronic lymphocytic leukaemia (375-500 mg/m 2 ) and non-Hodgkin's (follicular) lymphoma (375 mg/m 2 ). Based on the summaries of product characteristics and Finnish RA practice, IFX is given as 2-3 hour, RTX is given as 3.5-5 hour, TCZ is given as a 1.0-1.5 hour and ABA is given as a thirty minute infusion (e.g. Soini et al. 2012a ).
Data collection
A systematic collection of the price lists of Finnish health care districts and public and private hospitals was performed. The health care districts invoice the municipalities on the basis of these price lists and as such the reported prices represent the 'true' cost for the public payer. At first, cost price lists for 2011 were sought from the service providers' internet pages. If the price list was not published, a standardized e-mail enquiry was sent to the service providers (two reminders were sent). All possible hospitals (i.e. university, central district, district and private hospitals) potentially giving biologic drug infusions for RA were included to the enquiry.
The IV treatment cost prices for RA were gathered from the price lists through a keyword search of electric files and manual inspection if no matches were obtained with the keyword search. The following key words were used: drug brand names (Remicade, Mabthera, Rituxan, Orencia, RoActemra, Actemra), the name of the active substance in Finnish (infliksimabi, rituksimabi, abatasepti, tosilitsumabi) or in English (infliximab, rituximab, abatacept, tocilizu mab). In the manual inspection, all observations which could be clearly interpreted as a particular IV drug were included (including "expensive / biologic drug infusions to treat RA"). The following data were extracted: service provider, hospital type, medical speciality, procedure code, drug name, dosing, infusion list cost price, items included in the list cost price (drug alone, administration alone or both drug and administration) and source.
The final data set was obtained by excluding observations that did not match the study objective. The infusions given by clearly unrelated medical specialities (paediatrics, neurologic, haematology, lung diseases, gynaecology, ear, nose and throat diseases, oncology, surgery and skin diseases) were excluded because of the dosing variation in different diseases and/or because these list cost prices included other drugs outside the scope of this analysis.
In the cases, when it was impossible to separate the drugs or no specific price for particular drug was given, "expensive RA drugs" class was used for them. Expensive RA drugs class include a variety of RA drugs which were not specified in sufficient details in the price lists, and mostly infliximab, abatacept and rituximab infusions were involved. This class was included to have all the possible cost data available for the regression models.
Cost classification
The following cost categories were analysed separately based on the list cost prices 1. The administration costs (the main outcome of the analysis) per infusion: as reported in the price list, or alternatively the dose-dependent wholesale price of the drug was subtracted from the total costs, if the drug administration price was not reported separately from the drug price. The subtraction was performed only when the drug name and the dose information were presented, and was therefore not done for the expensive RA drugs class.
2. The total costs per infusion: as reported in the cost price lists.
The obtained list prices were also classified into RAindicated adult doses (based on summaries of product characteristics and, if needed, assumed weight of 73 kg (Paturi et al. 2008; Soini et al. 2012a) ) and atypical doses (higher or lower). The RA-indicated doses for adults in this analysis were 3 mg/kg for IFX, 500-1000 mg for RTX, 750 mg for ABA and 8 mg/kg for TCZ. A further subgroup included a pool of biologic antirheumatic drugs (bDMARD) with or without dosing information and for which the drug brands were not explicitly stated in the price lists.
Statistical analysis
Unadjusted pooled averages and average values stratified for drug doses and drug brands were estimated for administration and total costs. The cost differences between the intravenous biologics were assessed with a non-parametric test (Wilcoxon signed rank test) due to a modest number of observations in subgroups (p-value below 0.05 was considered to indicate statistical significance).
Regression analyses were performed to obtain adjusted drug administration and total cost estimates and to allow multivariate statistical comparisons between the drugs. The costs were adjusted for drug doses (dummies for low and high doses), drug brands (dummies for ABA, TCZ and RTX) and hospital type (dummies for university hospital and regional hospital); the contrast was IFX with RA-indicated dose in central hospital. Regression analyses were performed using ordinary least squares (OLS), OLS with logarithmic (ln) conversion for the cost variable using Duan's (Duan 1983 ) smearing (LN-OLS) and generalized linear modelling (GLM) (see e.g. Hallinen et al. 2006; Soini et al. 2012b ) with the fittest distribution and link function. Akaike information criteria (AIC), Bayesian information criteria (BIC), log likelihood (LL) and coefficient of determination (R 2 ) were reported. The best regression model for heterogeneity adjustment between drug brands ("significant" model) was determined using a procedure based on AIC and R 2 : the least significant coefficients were excluded from the model until AIC did not improve anymore and R 2 did not drop. The best model type (OLS, LN-OLS or GLM) among adjustment models was determined using AIC and BIC. Analyses were implemented in Stata v10.
Administration costs in previous publications
A rapid review was done of the existing publications (15 th August 2011) from the PubMed and Cochrane databases, and from potential Finnish medical, pharmacist and social science scientific journals in order to find out the published administration costs for IV biologics (IFX, RTX, ABA, TCZ) in various diseases and to reflect the RA administration costs of this study. The search terms included (in English and Finnish): cost, price, pricing, resource, resourcing, budget, economic OR burden AND Remicade, Rituxan, Mabthera, Orencia, Actemra, RoActemra, infliximab, rituximab, abatacept, atlizumab OR tocilizumab. Total costs were not searched, because the drug prices during the base year in the given country were unknown, and the pricing as well as reimbursement (payment system) of the drug costs may differ significantly due to local setups (see e.g. Hallinen and Soini 2011) . Publications were included in the review if the used currency, the base costing year, the drug brand and the given drug administration cost were clearly stated.
In order to obtain comparability with the Finnish cost prices for 2011 and average costs estimated in the main analysis, the costs obtained from the literature review were converted to their base year Finnish costs using purchasing power parities (PPP) obtained from OECD and were presented in 2011 values using the official Finnish health care price index obtained from Statistics Finland.
Results
The cost price data for 2011 from 19 (95%) health districts were obtained for the raw data. No private hospitals sent their price data and two private hospitals stated that they do not administer these infusions. As a result, the costs presented here capture the public health care payer's perspective. The obtained sources of the cost price data are presented in the Appendix 1.
The raw data consisted of 176 list cost prices in total. After exclusion of irrelevant cost prices (i.e. list prices not matching the study objective), 107 cost prices (60.8% of raw data) remained for inclusion in the analysis. The cost prices from RA departments (four prices, 3.7%), internal disease departments treating RA (63 prices, 58.9%) and of expensive RA drugs (forty prices, 37.4%) were included. The costs of biologic RA drug infusions varied between different Finnish public service providers.
Pooled costs
For crude administration cost analysis and total costs analysis, 82 (76.6%) and 106 valid list prices (99.1%), respectively, were included in the sample. The pooled (i.e. all drug brands and doses combined) crude average administration costs were €404.06 (S.D. €269.04, n=82) and total costs were €2826.28 (S.D. €1601.23, n=106) per infusion.
The pooled average administration costs for doses indicated for adult RA were €400.36 (S.D. €259.61, n=63) and total costs were €2831.72 (S.D. €1690.41, n=63). The pooled average administration costs and total costs were €416.32 (S.D. €305.55, n=19) and €2701.65 (S.D. €827.15, n=23), respectively, for doses deviating from adult RA indication. For twenty list prices (total costs average €2955.35, S.D. €2031.26) the dosing was not stated. There were no statistically significant differences between the costs matching the adult RA indication and undefined doses or doses outside the indicated doses.
The summary statistics according to drug brand regardless of used doses are represented in Table 1 . The average administration costs were highest for RTX and lowest for IFX, while the average total costs were highest for IFX and lowest for ABA. The difference between administration costs as well as total costs of the most and least expensive drug were statistically significant (p<0.01 for both cost types in all analyses).
The average costs stratified by dose and drug brand
The stratified results by drug using the indicated adult RA dose or other dose are represented in Table 2 . The average administration cost with the indicated adult RA dose was €355.91 for IFX, €561.21 for RTX, €334.00 for ABA and €293.96 for TCZ. The average total costs for adult RA doses were €2243.10 for IFX, €3619.17 for RTX, €1450.00 for ABA and €2176.00 for TCZ. RTX 500-1000 mg administration was not significantly more costly compared with IFX 3 mg/kg administration whereas RTX 500-1000 mg total costs were significantly higher compared with IFX 3 mg/kg total costs (p<0.01).
The variability in costs was reduced significantly, when the commonly indicated and non-indicated RA drug-specific doses were taken into account. The cost variability was lower with the indicated RA dose when compared to the variability of costs based on the nonindicated dose. The average administration costs per infusion with the non-indicated adult RA doses were lowest for IFX and highest for RTX. The average total costs per infusion with the non-indicated adult RA doses were lowest for TCZ and highest for IFX. IFX and RTX with the indicated adult RA dose were not significantly different from their non-indicated adult RA dose whereas IFX and RTX with the indicated adult RA dose were significantly less costly compared with their nonindicated adult RA dose (p<0.05 for both in all analyses).
Adjusted mean costs
The models used for drug administration and total cost adjustments (drug brand, dose, hospital type) and multivariate comparisons are represented in Tables 3 and 4 , respectively. Dosing was separated for low, RA and high drug doses in the regression models. Robust estimation was used in all models.
Based on the best-fitting model (LN-OLS, semi-log OLS, logarithmic distribution assumption for administration costs; Table 3 ), the adjusted administration mean costs with the indicated RA dose were €289.12 (95% CI €222.61-375.48) for IFX and €542.28 (95% CI €307.23-957.09) for RTX per infusion in a central hospital. ABA and TCZ administration costs as well as regional hospital administrations were based on a few relatively high cost estimates and were, thus, potentially biased upwards in the regressions. The adjusted administration costs for higher doses were significantly more costly (p<0.01) in comparison with the administration of indicated adult RA doses, whereas there was no statistically significant difference between the adjusted administration costs for lower doses and indicated adult RA doses.
Based on the best-fitting LN-OLS model, the adjusted total mean costs (Table 4) with the indicated RA dose were €2540.97 (95% CI €2329.48-2771.93) for IFX and €3367.08 (95% CI €2669.11-4247.99) for RTX per infusion. ABA and TCZ total costs were based on only a few cost estimates and may not be representative. RTX total costs were significantly higher (p<0.05) in comparison with IFX, when adjusted for drug, dose and hospital type. The total costs of TCZ, ABA or pool of bDMARDs did not differ statistically significantly from the total costs of IFX, when adjusted for dose and hospital type. High doses were significantly more costly and low doses significantly less costly in comparison with the indicated adult RA doses (p<0.001 for both). d RTX using RA dose did not have significantly lower administration costs compared with RTX patients using RA dose. e IFX patients using RA dose had significantly lower total costs compared with IFX patients not using RA dose (p-value = 0.013).
f RTX patients using RA dose had significantly lower total costs compared with RTX patients not using RA dose (p-value = 0.011).
g RTX with RA dose was significantly more costly compared with IFX with RA dose (p-value = 0.001). Based on these adjusted costs per infusion and the summaries of product characteristics for the annual number of infusions, the public payer average annual administration / total costs directly related to the respective biologic RA drug infusions are estimated to be €2312.96 / €20,327.76 for IFX during the first year (eight infusions), €1879.28 / €16,516.31 for IFX during the forthcoming years (6.5 infusions) and €1843.75 / €11,448.07 for RTX (2×1.7 infusions Soini et al. 2012a ), per year.
Reference: published costs
In the review of published literature, 56 articles reporting 76 costs were found for further review. Valid cost data for infusion administration was reported in 20 articles (Beresniak et al. 2011; Bodger et al. 2009; Chen et al. 2006; Cummins et al. 2011; Dretzke et al. 2011; Fonia et al. 2010; Hallinen et al. 2010; Jobanputra et al. 2002; Kasteng et al. 2008; Lekander et al. 2010; Lindsay et al. 2008; Lyseng-Williamson and Foster 2004; Malottki et al. 2011; Punekar et al. 2010; Rodgers et al. 2011; Soini et al. 2011; Tsai et al. 2008; Vera-Llonch et al. 2008a, b; Woolacott et al. 2006; Yuan et al. 2010) with 28 costs. In many published cost-effectiveness evaluations, the IV drug administration cost was based on assumption (e.g. cost equalling outpatient or nurse visit).
In the literature review of the existing publications including IFX, RTX, ABA or TCZ and administration costs, the pooled average administration cost regardless of drug, dose and disease was €199.60 (range €76. Table 5 . The lowest (€158.75) RA average administration cost was with ABA and the highest (€193.92) with IFX. The costs assumed in the publications were generally lower than the estimates based on our sample (1.8-3.3 times lower depending on the drug and in comparison with the stratified average costs).
Discussion
The administration and total costs of biologic drug infusions for RA vary between different Finnish public service providers based on the cost price information for 2011. Based on the drug and dose stratified analysis, the average infusion administration / total costs with the common indicated RA adult doses were €355.91 / €2243.10 for IFX, €561.21 / €3619.17 for RTX, €334.00 / €1450.00 for ABA and €293.96 / €2176.00 for TCZ, respectively, per infusion.
The dose and hospital type adjusted administration / total mean costs with RA dose were €289.12 / €2540.97 for IFX and €542.28 / €3367.08 for RTX based on the best-fitting significant (LN-OLS) model, respectively, per infusion. The respective annual administration / total costs were estimated to be €2312.96 / €20,327.76 for IFX during the first year, €1879.28 / €16,516.31 for IFX during the forthcoming years, and €1843.75 / €11,448.07 for RTX, per year. The rank order of the drugs in terms of their cost remained in the different adjustments made and showed the robustness of findings. Due to the few ABA and TCZ costs found, reliable adjusted means for them could not be estimated using regression or any other multivariate methods. As usual with skewed cost distributions, the normal distribution assumption (common OLS) cut the distribution tails and the suitability of GLM did not exceed the suitability of LN-OLS (see e.g. Hallinen et al. 2006; Soini et al. 2012b ).
These results were based on the list price (tariff ) information obtained from the Finnish public hospitals. To ascertain the coverage of the sample, we asked the prices from the Finnish private hospitals and obtained none (two said that they do not give such infusions). This was an expected finding, because patient co-payments are considerably higher in the private sector. In addition to paying more for the administration of the IV-drug in the private sector, the patients would also have to pay the price of the drugs in full since the studied IV-administered drugs are not covered by the Finnish drug reimbursement system. Instead, in the publicly funded hospitals the patient co-payment is a negligibly small proportion of the total drug and drug administration costs (maximum 27.40 euros/visit). Due to this characteristic of the Finnish multi-channelled health care financing system, IV-drug infusions are not given by (majority of ) the private sector service providers.
These differences between drugs in terms of their administration costs can be a result of multiple reasons and the impact of most obvious one (number of infusions per year) was shown. We controlled the hospital type and dosing with multivariate methods. However, what was left outside of the scope of this manuscript was the actual pricing process (i.e. different providers may have different systems to price their drug administration services), which means that we assessed the unit costs for drug administration and health economic evaluation (technical and/or allocative efficiency) was beyond the scope of this manuscript. Obvious reasons for the differences in infusion administration costs include resources (labour and materials involved) and their use (productivity) as well as their unit costs (more or less costly labour, buildings and equipment) which are put together in the production process of services that may or may not be efficient. Furthermore, the Finnish hospital tendering system (pharmaceuticals formulary) may have an impact to the costs. Meanwhile the total costs per infusion are valid as such, the administration costs per infusion are likely to be too low in comparison to the true administration cost invoiced from the municipalities due to the fact that some hospitals and districts have power to negotiate lower costs for their drug purchases (i.e. which results to situation where we subtracted too much from the total costs as the drug costs and results to lower than true administration costs). Despite of this inaccuracy in the analysis, the administration costs obtained from the lists are higher than the outpatient visit costs compared to the Finnish average (Hujanen et al. 2008) or specific lists from which the total and administration costs were analysed.
The presented pooled estimates describe the data and apply for situations where drug, dosing and/or hospital type are not taken into account. Using the stratification, we aimed to present drug-and dose-specific costs for all IV drugs, some of which may present with a low number of list prices. With the statistical modelling of cost data, we could adjust the differences (heterogeneity) in list prices between the different IV drugs with enough list prices and enable the statistical comparison of costs related to different IV drugs when they would be given in equivalent settings.
Finding the optimal time to start biologic treatment for RA patient is challenging especially when conventional therapies evolve (e.g. Fautrel 2012 ) and the administration cost of intravenous biologic drug may depend, for example, on the number of infusions received and other patient characteristics which we could not take into account in our analyses. In addition, there are five noteworthy facts, which need to be taken into account when interpreting and applying the results of this study.
The first and most important is the international comparability of costs. Although the relative Finnish health care cost, measured as the proportion of gross-domestic product consumed, to health care is low (around 9%), the previous Finnish publications including the cost of IV drug administration (Hallinen et al. 2010; Soini et al. 2011a ) have used higher estimates compared with the average estimates based on the publications. However, in order to improve the international comparability, the main results of this study can be converted to foreign values using PPPs. The second noteworthy fact is the perspective and content of the cost estimate. In comparison with the purchasing power adjusted and 2011 valued average values obtained from the published RA literature (IFX €193.92, RTX €172.00, ABA €158.75), our price listbased stratified averages seem high (1.8-3.3 times). This is not surprising since in many publications the cost of IV drug administration is based on "outpatient visit assumption" which may significantly underestimate the cost due to, for example, ignorance of different infusion times and severity of patient's condition, the need for monitoring the patient during and after infusion as well as the potential need for hospital beds and associated resources. Consequently, academic price lists may overlook some cost items meanwhile they have to be included in the local price lists in order to keep the hospital working. This path leads to the perspective discussion: the local price lists may reflect the 'true' opportunity cost (shadow price) of the service for the payer -that is what the municipality is likely to lose in terms of euros used for health care elsewhere when some resident have a specific service (see e.g. Hallinen et al. (2012) ; Soini (2008) , for further discussion regarding the opportunity costs).
In some countries home-based administration may be done. However, home-based administration of IV biologic RA drugs rarely done in Finland. These observations result to question, how comparable and credible is the key assumption used in multiple evaluations (i.e. outpatient visit costs between nations). For example, the United Kingdom Personal Social Services Research Unit (PSSRU) unit cost list (Curtis 2011) shows the cost of £147 (€169.38; based on the average 1€ = £0.86788 during the year 2011) for the outpatient visit in year 2011 which is significantly (2.9-times) less than e.g. administration cost in the HTA submission (Woolacott et al. 2006 (Woolacott et al. , €484.57 in year 2011 . Yet, the UK outpatient visit cost is more in line with the Finnish (Hujanen et al. 2008 ) outpatient visit cost estimate (€202.29 in 2011 value). The outpatient visit tariffs in Finnish hospital price lists are well in line with these estimates meanwhile the cost for biologic drug infusion administration can be higher. Unfortunately, unit cost list like Hujanen et al. (2008) and Curtis 2011 are not available for many countries, including Sweden, and the detailing of the unit cost lists and contents of the specific unit cost can vary considerably between the nations.
The relatively high costs of IFX and RTX in this study can be, for the minor part, explained by the fact that IFX is used as a combination treatment with methotrexate and RTX is used together with methylprednisolone (despite methotrexate and methylprednisolone being relatively affordable), whereas ABA and TCZ can be used as monotherapies or as combination therapies. More obvious explanation is the infusion time, IFX and RTX infusions take time. In the Finnish "official" price list for health care resources (Hujanen et al. 2008) , the 2011 valued unit cost estimate for a public internist or oncologist outpatient visit (including tests) is €202.29 or €227.14, respectively, which are in line with the results of this study and have been used in the Finnish health economic evaluations (e.g. Hallinen et al. 2010; Soini et al. 2011) . These outpatient visit costs are higher when compared with the average values of published infusion costs for RA or other diseases in the performed literature review and low compared with some of the RA-related estimates obtained in this study. Thus, "outpatient visit cost assumption" can underestimate the costs of IV drug administration in RA.
The third fact is the analytical (costing) perspective. The cost estimates in this study cover public health care payer costs only (patient co-payments excluded, maximum €27.40/visit). The level of costs estimated using the public health care price lists may be partly explained by the fact that no data from Finnish private hospitals were included in our data: in the Finnish official price list (Hujanen et al. 2008) , for example, the 2011-valued unit cost for an outpatient visit to an internist was €86.28 and to a rheumatologist €78.85 (including €9.29 payment for the receptionist office; excluding tests), and for an oncologic I.V. infusion/injection taking less than two hours was €135.17 (S.D. €215.30; payments for the office excluded); all these private sector costs seem low in comparison with the public sector costs.
On the other hand, our estimates do not cover all the costs involved with IV drug administration. If we had tried to analyse the costs from the direct health care cost perspective (regardless of the payer), the analysis should have included patient co-payments (maximum €27.40/infusion) and travelling costs. The societal perspective should have also included the potential productivity losses.
The last fact is the applied indication. Based on the performed literature review, the previously published administration costs for RA differed from the administration costs for Crohn's disease, psoriatic arthritis, ulcerative colitis or follicular lymphoma. However, the differences were due to two studies (Bodger et al. 2009; Woolacott et al. 2006 ) using a remarkably higher cost estimate (€484.57 according to the 2011 value) for the administration. To sum up, these facts may indicate that the drug-specific estimates provided here for RA infusion administration may be a "better than nothing" approximate estimate for diseases other than RA and further studies should be done to find the most specific unit costs for the health economic evaluations.
In order to place the results of this study in a wider context, the comparison of costs related to IV and other types of drugs needs to be done with due caution. In the case of drugs administered by health care personnel (e.g. hospital-administered IV), adherences can be known for certain. However, when the drug is taken at home, for example, the secondary non-adherence is not known (e.g. Hovstadius and Petersson 2011) .
The results of our study suggest that there is uncertainty related to drug infusion costs in previously published costeffectiveness studies. Therefore, our study highlights the need for a more careful estimation of realistic administration costs for IV-drugs in health economic evaluations. The international comparability of cost estimates and incremental cost-effectiveness results could be improved by using PPPs more frequently in the result reporting.
